Soil disturbance as a grassland restoration measure:effects on plant species composition and plant functional traits by Schnoor, Tim et al.
u n i ve r s i t y  o f  co pe n h ag e n  
Københavns Universitet
Soil disturbance as a grassland restoration measure
Schnoor, Tim; Bruun, Hans Henrik; Olsson, Pål Axel
Published in:
P L o S One
DOI:
10.1371/journal.pone.0123698
Publication date:
2015
Document version
Publisher's PDF, also known as Version of record
Document license:
CC BY
Citation for published version (APA):
Schnoor, T., Bruun, H. H., & Olsson, P. A. (2015). Soil disturbance as a grassland restoration measure: effects
on plant species composition and plant functional traits. P L o S One, 10(4), [e0123698].
https://doi.org/10.1371/journal.pone.0123698
Download date: 03. Feb. 2020
RESEARCH ARTICLE
Soil Disturbance as a Grassland Restoration
Measure—Effects on Plant Species
Composition and Plant Functional Traits
Tim Schnoor1, Hans Henrik Bruun2, Pål Axel Olsson1*
1 Biodiversity, Department of Biology, Lund University. The Ecology Building, SE-223 62 Lund, Sweden,
2 Department of Biology, University of Copenhagen, Universitetsparken 15, 2100 CopenhagenØ, Denmark
* pal_axel.olsson@biol.lu.se
Abstract
Soil disturbance is recognized as an important driver of biodiversity in dry grasslands, and
can therefore be implemented as a restoration measure. However, because community re-
assembly following disturbance includes stochastic processes, a focus only on species rich-
ness or establishment success of particular species will not inform on how plant communi-
ties respond ecologically to disturbance. We therefore evaluated vegetation development
following disturbance by quantifying species richness, species composition and functional
trait composition. Degraded calcareous sandy grassland was subjected to experimental dis-
turbance treatments (ploughing or rotavation), and the vegetation was surveyed during four
subsequent years of succession. Treated plots were compared with control plots represent-
ing untreated grassland, as well as nearby plots characterized by plant communities repre-
senting the restoration target.
Species richness and functional diversity both increased in response to soil disturbance,
and rotavation, but not ploughing, had a persistent positive effect on the occurrence of spe-
cialist species of calcareous sandy grassland. However, no type of soil disturbance caused
the plant species composition to develop towards the target vegetation. The disturbance
had an immediate and large impact on the vegetation, but the vegetation developed rapidly
back towards the control sites. Plant functional composition analysis indicated that the treat-
ments created habitats different both from control sites and target sites. Community-weight-
ed mean Ellenberg indicator values suggested that the observed plant community response
was at least partially due to an increase in nitrogen and water availability following distur-
bance. This study shows that a mild type of disturbance, such as rotavation, may be most
successful in promoting specialist species in calcareous sandy grassland, but that further
treatments are needed to reduce nutrient availability. We conclude that a functional trait
based analysis provides additional information of the vegetation response and the abiotic
conditions created, complementing the information from the species composition.
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Introduction
Reduction, cessation or suppression of disturbance, such as forest wildfires and dune dynamics,
are reasons for a decline in species richness observed today in many of the World’s ecosystems
[1, 2]. In managed landscapes, species adapted to disturbance may suffer negative population
trends due to both too much and too little disturbance [3]. The decrease of many species in cul-
tural landscapes [4] indicates that the management efforts are limited by our knowledge about
the ecological factors and historical land-use that has shaped these habitats. Grazing continuity
[5, 6] and low availability of certain macronutrients [7] are important and well-known drivers
of grassland plant diversity, but it is increasingly recognized that soil disturbance and the oc-
currence of bare soil may act as limiting factors to threatened species [8, 9, 10]. Mechanical soil
disturbance, such as soil perturbation and topsoil removal, could therefore function as a resto-
ration measure [10, 11, 12, 13].
Restoration success is often based on the occurrence and positive population trends of
threatened species. However, community assembly after a major perturbation is partly a deter-
ministic filtering process based on functional traits [14] and partly a stochastic process based
on propagule supply and dispersal [15]. The occurrence of species of conservation interest may
be particularly stochastic and unpredictable [16]. In contrast, plant functional traits are likely
to provide a more detailed indicator of the causes of restoration success or failure. The concept
of ecosystem functioning within restoration ecology has mostly focused on how to restore eco-
system functions, such as productivity and nutrient accumulation [17]. In one of the few stud-
ies with a more theoretical functional basis, Pywell et al. [18] showed that specific traits are
related to establishment success and proliferation during different time-stages in succession.
Alternatively, Römermann et al. [19] showed that combining functional and floristic informa-
tion helped in choosing between different management options in grazed grasslands. These
studies show that using a functional approach can be important when trying to understand
how to interpret the effects of restoration. Kleyer [20] found that high levels of disturbance fa-
vored annual plants and decreased age upon first reproduction, height, vertical biomass and
lateral extension, and increased the potential for long-range dispersal. Grazing on the other
hand increased the abundance of species that regenerate by means of a persistent seed bank
and have a higher leaf toughness and leaf dry matter content [21, 22]. Grime [23] argued that
traits in a system can either converge or diverge depending on the kind of disturbance, which
may further impact community diversity.
In addition to analyzing individual plant functions as an indication of ecosystem proporties,
functional diversity (FD) can be used to quantify this property of biodiversity [24, 25, 26].
Plant functional diversity has been shown to be important for invasion resistance [27], increase
with grazing continuity [28] and can be an indication of various ecosystem services provided
by a specific grassland [29].
A successful restoration is one where threatened species are favored and the species compo-
sition develops towards that of a reference site. In this study, we evaluated the effect of distur-
bance, implemented as a restoration option, on both species composition and functional
composition in calcareous sandy grassland where the decline in threatened species is believed
to be a consequence of reduced soil disturbance. We defined success as the development to-
wards a species composition similar to plots with target vegetation or a general increase in
threatened species, and failure as development towards untreated control plots. We also de-
fined an overall increase in plant richness and functional diversity as a success because of the
higher potential for such communities to support other groups of organisms [29]. We hypothe-
sized that soil disturbance in grasslands with a historical land use with regular soil disturbance
would lead to (1) increased proportion of specialist species, (2) increased taxonomic and
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functional diversity, (3) a taxonomic composition and functional composition more similar to
target vegetation. We also investigated what the plant functional composition suggest about
the mechanisms behind vegetation change in treated plots.
Materials and Methods
Site description
The experimental site is located at the Rinkaby military training ground (55°58N 14°18E) in
eastern Scania, southernmost Sweden. The area has a mean annual precipitation of 500–
550 mm per year, and a mean annual temperature of 7.5°C (based on data from 1956 to 2004).
The field consists of 420 hectares Natura 2000 habitats [30]. The dominant vegetation on the
study site closely resembles Fennoscandian lowland species-rich, dry to mesic grasslands
(N6270, EU habitat directive 92/43/EEC) with native grasses such as Festuca rubra,Helictotri-
chon pubescens as well as the putatively introduced Festuca brevipila, and forbs such as
Medicago sativa ssp. falcata and Galium verum. There are small areas of vegetation in the ex-
perimental area that can be characterized as “sand steppe” [31], classified as xeric sand calcare-
ous grasslands (N6120, EU habitat directive 92/43/EEC), or Koelerio-glaucon type vegetation
[32]. Typical species are Koeleria glauca and the endemic Dianthus arenarius ssp. arenarius;
the former conventionally used as a ‘diagnostic species’ of the type.
Sand steppe is a threatened habitat with estimates of between only 20–55 ha remaining in
Sweden [33, 34] and it is the restoration target in this study. It is also characterized by dry, in-
fertile sandy soils low in nutrients and high in pH (>7.5). The site lies on calcareous bedrock,
and the soil is dominated by sand, which has created the abiotic properties necessary for the
formation of this rare habitat type. The decline in sand steppe area is most probably because of
acidification, nitrogen deposition and abandonment of traditional agricultural practices [35,
36, 37]. The study area became a military training area in 1899, before which most of the area
was part of a low-intensity ambulating farming system during the 18th and 19th centuries [30],
with long periods of fallow and grazing (15–30 years) followed by one or two years with grow-
ing buckwheat and rye [34, 38]. Military exercises combined with grazing ensured that small-
scale soil disturbance continued to occur frequently in the area for many years. Today, large
parts of the area are grazed but with little mechanical soil disturbance.
Experimental setup
In May 2006, a split-plot experiment consisting of three blocks was set up at Rinkaby [11]. Be-
cause these areas have been used for low-intensity agriculture historically, we used ploughing
and rotavation as means of mimicking historical soil disturbance. Each of the blocks consisted
of four replicates each of ploughed and rotavated plots, and eight control plots, thus a total of
48 plots. The ploughing and rotavation treatments were not mixed. The experiment was per-
formed with permission from the landowner (The Swedish Armed Forces) and from The
County Administrative Board in Skåne since the area is protected within the Natura 2000
framework. Rotavation crushed the sod of the grassland, mixing the topsoil layer (approxi-
mately 10 cm depth). Ploughing overturned the soil to a depth of 30 cm, leaving no visible
clumps of sod. Four plots measuring 5 × 60 m were ploughed and four were rotavated, each
with a control plot beside them in each block [11].
For the present study we selected one block characterized by high pH in all plots, and we in-
cluded 4 control plots, 4 ploughed plots and 4 rotavated plots, thereby limiting this study to 12
plots. In order to limit the present study, we randomly selected 4 out of the 8 control plots. Soil
samples taken one week after the treatments showed that pH (H2O) varied between 7.4 and
8.2, but with no significant effect of the disturbances. There was a small increase in extractable
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phosphorous in the rotavated plots but no effect of ploughing [11]. In addition to the treatment
plots, we established two plots in areas with target vegetation.
Vegetation survey
The 8 treatment plots and the 4 control plots were surveyed during four summers, from 2007
until 2010, and the target plots were surveyed in 2008 and 2010. The surveys took place during
late June or early July to enable recording as many spring and summer species as possible. In
each plot, ten squares measuring 0.25 m2 were inventoried using a pinpoint frame with ten
pins per square. The squares were placed on a line evenly distributed within each plot. We re-
corded the number of times each species touched the pins, yielding a non-destructive abun-
dance measure with a demonstrated correlation with aboveground biomass [39].
One restoration goal was to achieve colonization of the specialist plant species characteristic
of the sand steppe habitat as well as nationally red-listed species. To evaluate this we used lists
of specialist species from other studies in the same area [13] and the national red-list according
to [40], in addition to the target plots. We also included the bryophyte Syntrichia ruraliformis
as a sand steppe specialist [35].
Trait collection
Traits were collected empirically in each of the three treatments. Collection took place in June
2007 and 2008 and followed the standardized protocol of Cornelissen et al. [41]. Ten individu-
als (three from ploughed plots, three from rotavated plots and four from control plots) of each
of the 17 species were collected, and placed in water in a cooling box immediately after cutting.
Thereafter specific Leaf Area (SLA), Leaf Dry Matter Content (LDMC), leaf tensile strength,
canopy height and reproductive height were measured for each plant. Leaf traits were measured
24 hours after collection, thereby measuring all leaf traits on fully hydrated leaves. The mean
leaf trait values from these ten individuals were used. Finally, for plant canopy height we used
25 individuals (eight from ploughed, eight from rotavated and nine from control plots). The
same mean trait value was used for each species across treatments, and thus ignoring intraspe-
cific variation. When studying the values for the different traits in each of the treatments, we
found no or only small differences in mean values.
In addition to canopy height and the above-mentioned leaf traits, mycorrhizal status, seed
mass and Raunkiær life form were retrieved from databases (Table 1). The hypothesized rela-
tionships between these traits and their ecosystem functions are summarized in Table 1.
LDMC is related to SLA but may not capture exactly the same functions [41, 42]. Leaf tensile
strength is the force needed to tear a leaf apart divided by the width of the leaf. Tensile strength
is a good indicator of carbon investment in leaves, contributes to leaf lifespan [41] and resis-
tance of a leaf against mechanical damage. These three leaf traits are similar, but not identical.
Using all three was considered appropriate for assessing community response to disturbance.
Together these are related to relative growth rate, phenotypic plasticity, stress tolerance and
leaf longevity [43].
As a complement to the functional trait values, we used Ellenberg indicator values for light
(L), pH (R) and soil nutrient (N) preferences [44]. We used the values from Ellenberg et al.
[44], supplemented with Hill’s values for British plants [45] for species lacking values in the
former work. Based on our understanding of the natural history of Dianthus arenarius, we ap-
proximated its values (L = 8, R = 7, and N = 1). The Ellenberg values for individual species
were weighted with their abundance in each plot to form one community-aggregated trait
value for each plot.
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Statistical analyses
The index Fdis suggested by Laliberté & Legendre [26] was used to calculate FD. This index can
handle both continuous and categorical functional variables as well as including species abun-
dance into the analysis. Fdis was calculated with the package FD [46] in R 2.11.1 for Macintosh
[47]. Treatment response on FD indices and species richness was analyzed by a repeated mea-
sures ANOVA and Tukey post-hoc in SPSS 18 and data were log-transformed if needed to fit
normality assumptions. Non-centred Principal Component Analysis (PCA) and Redundancy
analysis (RDA) with manual forward selection and 499 permutations were conducted with
Canoco for Windows 4.54 (Biometris Plant Research International, The Netherlands) for spe-
cies composition and functional composition data. All multivariate analyses had samples as
scaling focus and all data were log-transformed. The length of the gradient for the functional
compositional data justified a method assuming linear species-environment response. For veri-
fication of PCA results, a Non-metric Multidimensional Scaling with two dimensions and
Bray-Curtis dissimilarities were used. We used linear regression analysis to test if succession in
treated plots leads to an increased proportion of specialist species after disturbance.
Results
Sand steppe specialist species increased in rotavated plots during the four years of succession
(Fig 1). However, the target vegetation had a much higher proportion of sand steppe specialist
species (60%) than any of the treatment plots (Table 2). When analysing the 10 most common
plant species (across the three types of treatment), including the bryophyte Syntrichia ruralifor-
mis, it was found that in particular Festuca brevipila and Thymus serpyllum decreased due to
disturbance, while grasses such as Agrostis gigantea and Elymus repens increased due
to disturbance.
Species richness increased as an effect of ploughing and rotavation (Fig 2A). There was no
effect of year on the number of species but there was a significant year × treatment interaction
(Table 3), with fewer species during later years for control areas and more species in rotavated
plots. The Fdis value differed between control plots and treated plots (Fig 2B). There was a year
effect for the Fdis (Table 3). Treated plots tended to have greater levels of functional diversity by
year 2. Overall, treated plots showed a positive trend over time with an increase in Fdis during
Table 1. The measured functions and a short description of which functions they are related to.
Plant attribute Functions Reference to function
SLA (mm2 mg-1) a Relative growth rate, photosynthetic rate [41, 64, 65]
LDMC (mg g-1) a Relative growth rate, palatability [42, 64, 65]
Tensile strength (g mm-1) a Leaf lifespan [41]
Plant height (mm) a Competitive ability [41, 43]
Reproductive height (mm) a Wind dispersal, animal dispersal [66, 67]
Seed mass (g seed-1)b Dispersal, seed bank longevity, establishment success [43, 68]
Mycorrhizal status (categorical) c Phosphorus uptake [69]
Raunkiær life form (categorical)d Disturbance/stress adaptation [70, 71]
Footnotes indicate from where the trait data used in the study was collected.
a Collected at site
b [72]
c [73]
dLEDA traitbase [74]
doi:10.1371/journal.pone.0123698.t001
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the first years, and control plots had none or a negative development after the disturbance
treatments. There was a significant increase in Fdis with species richness (Fig 3) when combin-
ing all the treatments (p<0.001, R2 = 0.29). However, analyzing each treatment separately, we
only found this pattern for the control treatment.
The disturbance treatments affected the species composition of the calcareous grassland
(Fig 4). The multivariate analysis distinguished the ploughed and rotavated plots from control
and target plots. However, there was little or no separation between the two disturbance treat-
ments (Fig 4), particularly in years 3 and 4. Target plots were clearly separated from both con-
trol plots and treated plots. These results remained the same irrespective of whether all species
(Fig 4) or only the species from the functional analysis were included (results not shown). The
Non-metric Multidimensional Scaling (not shown) gave similar result as the PCA, showing
that the PCA results (Fig 4) can be considered stable. Control plots remained compositionally
stable during the four years, and target areas between the two different years sampled. The
treated plots showed a succession in species composition towards control plots, rather than to-
wards target plots.
The variation in functional trait composition was less multi-dimensional (a strong first
principal component) than the species composition. In addition, there were some notable dif-
ferences between the species-based PCA and the trait-based PCA (Fig 5). Similar to multivari-
ate analyses based on species composition, we also detected differences in functional traits
among treatments (Fig 5). We also detected temporal differences (axis 2) between years 1 and 2
Fig 1. The proportion of sand steppe specialists in the vegetation during 4 years following
disturbance treatment in 2006. The proportion sand steppe specialists in the target vegetation was 60%.
There was a significant positive trend for rotavated plots (p<0.01), but not for controls and ploughed plots.
doi:10.1371/journal.pone.0123698.g001
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for ploughed and rotavated areas although this axis had a relatively small eigenvalue (Fig 5). In
years 3 and 4, the signatures for the two treatments overlapped (Fig 5), which indicates that
functional traits of the plots converged. Although treated plots had minimal overlap with the
control and target plots, the treated plots gradually became more functionally similar to the
control and target plots. Canopy height, reproductive height, seed mass, mycorrhiza, SLA and
LDMC were all functions that correlated to year 4 treated plots. Tensile strength, on the other
hand, was positively correlated to control plots. By year four, geophytes and hemicryptophytes
increased while chamaephytes decreased. Therophytes were associated mostly with treated
plots in years 1 and 2.
PCA on community-weighted mean Ellenberg values (Fig 6) indicated that disturbed plots
developed towards a plant community with preference for higher N availability and moisture.
The community means showed that targets, controls and treated plots formed three distinct
groups. Target plots were separated from the study plots due to the high pH and light prefer-
ence of the species in these plots. During year 1 and 2, the treated plots developed towards the
target plots. During year 3 and 4, they developed in the opposite direction, away from both tar-
get and control plots.
Table 2. Vegetation composition at the Rinkaby experimental site in 2010 (the fourth season after treatment) with the 10 most frequent species
listed.
Controls Rotavated Ploughed Target
Proportion target species (%)
Nationally Red-listed - 1.2±0.93 - 18±5.2
Sand steppe specialists 4.2±0.84 22±2.1** 7.4±1.9 60±5.2
Number of hits per plot
Total hits 389±18 297±13** 187±6.6*** 250±2.5
Lichens 30±4.2 8.3±1.9** 0.50±0.50** 20±3.5
Bryophytes other than Syntrichia 86±4.3 70±4.4* 12±5.8*** 12±9.5
Syntrichia ruraliformis* 16±3.1 60±4.7*** 13±3.0 62±2.5
Festuca brevipila 140±22 33±3.1* 23±3.6* 0.5±0.5
Thymus serpyllum 33±10 2.5±1.7 5.8±3.0 13±3.0
Galium verum 27±4.1 9.2±3.5* 15±2.7 4.5±0.5
Medicago sativa 27±3.6 16±2.1* 31±3.1 22±3.5
Plantago lanceolata 2.2±1.1 12±2.2* 4.5±0.29 -
Agrostis gigantea 3.7±2.2 41±6.7*** 34±8.1* -
Elymus repens 0.25±0.25 9.5±3.0 21±4.6* 0.5±0.5
Helictotrichon pubescens 11±5.1 0.75±0.48 3.8±2.2 3.0±3.0
Poa pratensis 2.5±1.9 7.2±3.1 11±4.0* -
The percentages of specialist and red-listed species was calculated from the number of the hits of such species in relation to the total number of hits,
including bryophytes and lichens. Values represent means ± standard error (n = 4 experimental plots, n = 2 for target plots). The sand steppe specialists
found in the study were Alyssum alyssoides, Dianthus arenarius ssp arenarius, Festuca polesica, Koeleria glauca and Syntrichia ruraliformis. Asterisks
indicate signiﬁcant differences between treatment plots and control.
unpaired t-test,
* = p < 0.05;
** = p < 0.01;
*** = p < 0.001.
doi:10.1371/journal.pone.0123698.t002
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Discussion
We observed large effects of prescribed disturbance on species composition. While rotavation
increased the proportion of habitat specialist species, showing that one of the two disturbance
treatments were partly successful, none of the treatments drove species composition towards
the restoration target. Instead, succession after disturbance proceeded rather rapidly towards a
vegetation similar to as it was before disturbance. Others have demonstrated how difficult it
can be to restore a proper disturbance regime in sandy grassland [48] and that vegetation may
Fig 2. Number of species (a) and functional diversity (Fdis) (b) for each treatment. Bars show 95%CI.
Letter above/below bars represent the result of statistical testing. Different letters refers to significant
differences. Target was not included in the tests due to the low number of replicates. C refers to control plots,
P to ploughed plots, R to rotavated plots, T to target plots. There were 4 replicates for target plots and 16 for
the other treatments.
doi:10.1371/journal.pone.0123698.g002
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return to the original composition rapidly after a moderate disturbance event [49]. Our result
suggests that lack of disturbance is not the only factor behind the degeneration of the character-
istic sand steppe vegetation. By analyzing functional trait composition, we succeeded in getting
better insight into the mechanisms driving the succession after the disturbance away from
the target.
Plant succession is unpredictable, and we were therefore interested in assessing if functional
diversity could be used as another tool for assessing restoration success. The inability of our
disturbance treatments to shift the species composition toward the target may therefore be
caused by stochastic factors during plant community assembly [15] and limited availability of
propagules of the target species [50, 51]. Seed dispersal has been shown to be an important lim-
itation in base-rich grasslands due to short-lived seed-bank [50] and short-range dispersal
[52]. As suggested by Sonnier et al. [53], early succession communities are more regulated by
stochastic assembly processes and dispersal limitation than by habitat filtering. Sonnier et al.
Table 3. Results from repeatedmeasures ANOVA of the number of species and functional diversity (Fdis) in the experimental plots.
Variable Treatment Posthoc (Tukey) Time Time*Treatment
F p F p F p
Species richness—80% dominant (log) 8.3 <0.01 c-p p = 0.01 F = 6.3 <0.01 F = 3.6 <0.05
c-r p = 0.02
Species richness Total no. species (log) 17.8 0.001 c-p p = 0.03 F = 1.9 p 0.16 F = 2.7 <0.05
c-r p = 0.001
Fdis 22.0 <0.001 c-p p = 0.000 F = 8.6 <0.001 F = 12.0 <0.001
c-r p = 0.002
Controls, rotavated and ploughed plots were included in the analysis.
doi:10.1371/journal.pone.0123698.t003
Fig 3. Relationship between plant species richness and functional diversity (Fdist). Linear regression is
shown although a log-linear relationship had slightly higher degree of explanation because of the ease of
interpretation. Broad dashed line shows smoothed relationship, and small dashed line show 95%CI to the
smoothed line. C refers to control plots, P to ploughed plots, R to rotavated plots, T to target plots.
doi:10.1371/journal.pone.0123698.g003
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[53] found weak environment-trait relationships, possibly because of dispersal and species
level priority effects being more important than trait-based assembly rules. Similar to our
study, they studied early successional communities and believed that this influenced
their results.
The main gradient in our system was a disturbance gradient, showing that succession in our
system was rapid. Height and reproductive height is considered to be related to later succes-
sional stages [43, 54, 55, 56], and SLA is considered to increase with increasing fertility [57].
Sonnier et al. [53] found that LDMC and seed mass decreases when disturbance increased. Sur-
prisingly, height tended to increase in disturbed plots during the third and fourth year of our
study. LDMC, seed mass and SLA also increased, but were not as strongly correlated to the dis-
turbed plots. The fact that we found all these traits to be related to disturbed plots suggest that
the functional discrepancy between disturbed and control/target plots is due to increased fertil-
ity following soil perturbation, at least after an initial phase where early colonizers are the only
species present. Community-mean Ellenberg values also gave an indication of the environmen-
tal changes brought about by the disturbance treatments. It seems as if the disturbance treat-
ments do, as implied above, increase the abundance of species that are associated with higher
nitrogen availability than the target habitat at the end of the study. This suggests that soil
Fig 4. PCA plot showing the plant community composition in each of the treatments and all years.
Numbers in legend refers to year after disturbance (1–4) for each treatment (C for control plots, P for
ploughed plots, R for rotavated plots and T for target plots), black triangles denoted mean for each type of
treatment (C, P and R) and for target plots (T).
doi:10.1371/journal.pone.0123698.g004
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Fig 5. PCA plot showing the plant functional community composition based on community weighed
means.Numbers in legend refers to year after disturbance (1–4) for each treatment (C for control plots,
P for ploughed plots, R for rotavated plots and T for target plots), black triangles denoted mean for each
type of treatment (C, P and R) and for target plots (T). Arrow text refers to the function in question. Mycorr =
mycorrhizal status, repheight = reproductive height, height = plant height, tension = tensile strength.
doi:10.1371/journal.pone.0123698.g005
Fig 6. PCA plot showing the plant community composition based on community weighedmeans of plant species Ellenberg values.Numbers in
legend refers to year after disturbance (1–4) for each treatment (C for control plots, P for ploughed plots, R for rotavated plots and T for target plots), black
triangles denoted mean for each type of treatment (C, P and R) and for target plots (T). Arrow text refers to the preference for F: moisture, L: light, N: nitrogen
and R: pH.
doi:10.1371/journal.pone.0123698.g006
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disturbance increased nitrogen availability. Thus, nitrogen has an effect on the plant communi-
ty, although phosphorus levels are very low and probably limiting production in the studied
ecosystem [58]. This nitrogen flush could be one reason for the difference in functional compo-
sition between target plots and treatments plots during year 3 and 4, and for the increased prev-
alence of fertility related traits in disturbed plots seen during the later years of the study.
Disturbance may increase the occurrence of undesired species [8]. In this system we saw es-
tablishment of weedy grass species such as Agrostis gigantea and Elymus repens, which are
much larger than grasses in the target plots and probably one reason for the high values for
height observed in the disturbed plots. Our disturbance pushed plant communities partly in
the direction of target plots in terms of functional traits, while at the same time disturbance in-
creased nitrogen availability to levels inconsistent with successful restoration. Thus we can as-
sume that one important factor for restoration was not fulfilled. Considering the increased
variation in functional composition in disturbed plots during the first years following distur-
bance, the role of stochastic processes seems to have increased in disturbed areas. From the
small differences in functional composition between treatments, we conclude that species func-
tionally similar to the target species colonize after the disturbance. This may be due to abiotic
conditions, such as too high P or N availability, that make the treated areas poorly suitable for
establishment of the target species.
The fact that the disturbance had a positive effect on FD indicates that optimal disturbance
for diversity is not prevailing in the control plots. Although we could not test for differences be-
tween target communities and our treatments, the values we have indicate that the treated plot
FD is more in line with the target than the control plots. If that is the case, then we could state
that the disturbance is successful in restoring FD, or at least it is a step in the right direction.
Since the treatments increased both functional diversity and species richness, we conclude that
in one way the treatments were successful even though the new vegetation did not resemble the
target vegetation very much. The increased diversity suggests that the disturbance reduced the
filtering during community assembly, resulting in more diverse communities. Similar effects
have been found earlier in sand dune systems [59]. An increased functional and species diversi-
ty may have positive effects on other threatened species in the habitat. Earlier studies showed
that ploughing favored beetles that are sandy grassland specialists [60], but if succession goes
quickly, and not in a desirable direction, this effect may not last very long. As a part of a more
general discussion regarding plant diversity, we confirmed a positive relationship between FD
and species richness, which is often reported [61]. Our contrasting relationships between the
treatments and the control could be because the span of species is quite small within treated
plots. Sasaki et al. [62] found a positive relationship between species richness and FD with in-
creasing grazing pressure. Mayfield et al. [63] suggests that if species richness is affected with-
out a following effect on FD, then there is a functional redundancy in the system.
Conclusion
We conclude that disturbance alone could not restore the desired sandy grassland community
with a large proportion of specialist species. Rotavation was, however, successful in increasing
the proportion of specialist species, and the analysis of functional diversity and functional com-
position indicated that conditions had changed in a way that could favor threatened species. A
discrepancy in functional composition between target and treated plots was related to an in-
creased average nitrogen and moisture preference of species in disturbance treatment, as
shown by including analyses of Ellenberg indicator values. We conclude that a milder type of
disturbance, such as rotavation, can give the best result for the vegetation, but it may have to be
repeated regularly or be combined with measures that reduce nutrient availability. We
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recommend this method to be tested as a regular disturbance method, but the effects of repeat-
ed disturbances needs to be investigated, and this would also mimic the historical land-use in
these grasslands [37]. Seeding from nearby habitats could also increase the success, once the
desirable abiotic conditions have been achieved. The results show the risk of increased nutrient
availability after disturbance, and that this may allow for invasion of unwanted species.
Acknowledgments
TKS thanks Martina Norrman for assistance in field. We thank Yann Clough and Johan Ekroos
for valuable comments on the manuscript.
Author Contributions
Conceived and designed the experiments: TS HHB PAO. Performed the experiments: TS PAO.
Analyzed the data: TS HHB PAO. Contributed reagents/materials/analysis tools: TS HHB
PAO. Wrote the paper: TS HHB PAO.
References
1. Petraitis PS, Latham RE, Niesenbaum RA. The maintenance of species diversity by disturbance. The
Quarterly Review of Biology. 1989; 64: 393–418.
2. Bengtsson J, Nilsson SG, Franc A, Menozzi P. Biodiversity, disturbances, ecosystem function and
management of European forests. Forest Ecology and Management. 2000; 132: 39–50.
3. McLaughlin A, Mineau P. The impact of agricultural practices on biodiversity. Agriculture, Ecosystems
& Environment. 1995; 55: 201–212.
4. Poschlod P, Bakker JP, Kahmen S. Changing land use and its impact on biodiversity. Basic and Ap-
plied Ecology. 2005; 6:93–98.
5. Dahlström A, Cousins SAO, Eriksson O. The history (1620–2003) of land use, people and livestock,
and the relationship to present plant species diversity in a rural landscape in Sweden. Environment and
History. 2006; 12: 191–212.
6. Johansson LJ, Hall K, Prentice H, Ihse M, Reitalu T, Sykes M et al. Semi-natural grassland continuity,
long-term land-use changes and plant species richness in an agricultural landscape on Öland, Sweden.
Landscape and Urban Planning. 2008; 84, 200–211.
7. Wassen MJ, Venterink HO, Lapshina ED, Tanneberger F. Endangered plants persist under phospho-
rus limitation. Nature. 2005; 437, 547–550. PMID: 16177790
8. Hobbs RJ, Huenneke LF. Disturbance, diversity, and invasion: implications for conservation. Conserva-
tion Biology. 1992; 6: 324–337.
9. Řehounková K, Prach K. Spontaneous vegetation succession in gravel-sand pits: a potential for restora-
tion. Restoration Ecology. 2008; 16: 305–312.
10. Jentsch A, Friedrich S, Steinlein T, Beyschlag W, Nezadal W. Assessing conservation action for substi-
tution of missing dynamics on former military training areas in Central Europe. Restoration Ecology.
2009; 17: 107–116.
11. Schnoor TK, Olsson PA. Effects of soil disturbance on plant diversity of calcareous grasslands. Agricul-
ture Ecosystems & Environment. 2010; 139: 714–719.
12. Ödman AM, Mårtensson L-M, Sjöholm C, Olsson PA. Immediate responses in soil chemistry, vegeta-
tion and ground beetles to soil perturbation when implemented as a restoration measure in decalcified
sandy grassland. Biodiversity and Conservation. 2011; 20: 3039–3058.
13. Olsson PA, Ödman AM. Natural establishment of specialist plant species after topsoil removal and soil
perturbation in degenerated calcareous sandy grassland. Restoration Ecology. 2014; 22: 49–56.
14. Fukami T, Bezemer TM, Mortimer SR, van der PuttenWH. Species divergence and trait convergence
in experimental plant community assembly. Ecology Letters. 2005; 8: 1283–1290.
15. Ejrnæs R, Bruun HH, Graae BJ. Community assembly in experimental Grasslands: Suitable environ-
ment or timely arrival? Ecology. 2006; 87: 1225–1233. PMID: 16761601
16. Murray BR, Rice BL, Keith DA, Myerscough PJ, Howell J, Floyd AG, et al. Species in the tail of rank-
abundance curves. Ecology. 1999; 80: 1806–1816.
17. Callaway JC, Sullivan G, Zedler JB. Species-rich plantings increase biomass and nitrogen accumula-
tion in a wetland restoration experiment. Ecological Applications. 2003; 13: 1626–1639.
Soil Disturbance Affected Grassland Vegetation
PLOS ONE | DOI:10.1371/journal.pone.0123698 April 13, 2015 13 / 16
18. Pywell RF, Bullock JM, Roy DB, Warman LIZ, Walker KJ, Rothery P. Plant traits as predictors of perfor-
mance in ecological restoration. Journal of Applied Ecology. 2003; 40: 65–77.
19. Römermann C, Bernhardt-Römermann M, Kleyer M, Poschlod P. Substitutes for grazing in semi-natu-
ral grasslands—do mowing or mulching represent valuable alternatives to maintain vegetation struc-
ture? Journal of Vegetation Science. 2009; 20: 1086–1098.
20. Kleyer M. Distribution of plant functional types along gradients of disturbance intensity and resource
supply in an agricultural landscape. Journal of Vegetation Science. 1999; 10: 697–708.
21. Dupré C, Diekmann M. Differences in species richness and life-history traits between grazed and aban-
doned grasslands in southern Sweden. Ecography. 2001; 24: 275–286.
22. Quétier F, Thébault A, Lavorel S. Plant traits in a state and transition framework as markers of ecosys-
tem response to land-use change. Ecological Monographs. 2007; 77: 33–52.
23. Grime JP. Trait convergence and trait divergence in herbaceous plant communities: Mechanisms and
consequences. Journal of Vegetation Science. 2006; 17: 255–260.
24. Hooper DU, Chapin FS, Ewel JJ III, Hector A, Inchausti P, Lavorel S, et al. Effects of biodiversity on
ecosystem functioning: A consensus of current knowledge. Ecological Monographs. 2005; 75: 3–35.
25. Díaz S, Lavorel S, de Bello F, Quétier F, Grigulis K, Robson TM. Incorporating plant functional diversity
effects in ecosystem service assessments. Proceedings of the National Academy of Sciences USA.
2007; 104: 20684–20689. PMID: 18093933
26. Laliberté E, Legendre P. A distance-based framework for measuring functional diversity frommultiple
traits. Ecology. 2010; 91: 299–305. PMID: 20380219
27. Pokorny ML, Sheley RL, Zabinski CA, Engel RE, Svejcar TJ, Borkowski JJ. Plant functional group di-
versity as a mechanism for invasion resistance. Restoration Ecology. 2005; 13: 448–459.
28. Purscke O, Schmid BC, Sykes MT, Poschlod P, Michalski SG, DurkaW, et al. Contrasting changes in
taxonomic, phylogenetic and functional diversity during a long-term succession: insights into assembly
processes. Journal of Ecology. 2013; 101: 857–866.
29. Lavorel S, Storkey J, Bardgett RD, de Bello F, Berg MP, Le Roux X, et al. A novel framework for linking
functional diversity of plants with other trophic levels for the quantification of ecosystem services. Jour-
nal of Vegetation Science 2013; 24: 942–948.
30. Länsstyrelsen Skåne 2005. Bevarandeplan för Natura 2000-område Rinkaby Skjutfält [Conservation
plan Rinkaby Skjutfält, Natura 2000 area].
31. Andersson O. The Scanian sand vegetation—a survey. Botaniska Notiser. 1950: 145–172.
32. Rodwell JS, Schaminée JHJ, Mucina L, Pignatti S, Dring J, Moss D. The Diversity of European Vegeta-
tion. An overview of phytosociological alliances and their relationships to EUNIS habitats. EC-LNV,
Wageningen, NL; 2002.
33. Olsson K- A. Sandstäpp i Skåne—ett upprop. Lunds Botaniska Förenings Medlemsblad. 1994; 2: 4–
13.
34. Tyler T. The state of the sand-steppe vegetation of eastern Scania (Skåne) in early spring 2003. Bota-
niska Notiser. 2003; 136: 1–22.
35. Tyler T. The Bryophyte flora of Scanian sand-steppe vegetation and its relation to soil pH and phos-
phate availability. Lindbergia. 2005; 30: 11–20.
36. Mårtensson LM, Olsson PA. Soil chemistry of local vegetation gradients in sandy calcareous grass-
lands. Plant Ecology. 2010; 206: 127–138.
37. Ödman AM, Olsson PA. Conservation of sandy calcareous grassland: What can be learned from the
land use history? PLoS ONE. 2014; 9(3): e90998. doi: 10.1371/journal.pone.0090998 PMID:
24621928
38. Emanuelsson U. Det skånska kulturlandskapet [The Scanian Cultural Landscape], 2nd edn. Naturs-
kyddsföreningen i Skåne, Lund. 2002.
39. Jonasson S. Evaluation of the point intercept method for the estimation of plant biomass. Oikos. 1988;
52: 101–106.
40. Gärdenfors U (Ed.). The 2010 Red List of Swedish Species. ArtDatabanken, SLU, Uppsala, Sweden;
2010.
41. Cornelissen JHC, Lavorel S, Garnier E, Díaz S, Buchmann N, Gurvich DE, et al. A handbook of proto-
cols for standardised and easy measurement of plant functional traits worldwide. Australian Journal of
Botany. 2003; 51: 335–380.
42. Ansquer P, Duru M, Theau JP, Cruz P. Functional traits as indicators of fodder provision over a short
time scale in species-rich grasslands. Annals of Botany. 2009; 103: 117–126. doi: 10.1093/aob/
mcn215 PMID: 18974100
Soil Disturbance Affected Grassland Vegetation
PLOS ONE | DOI:10.1371/journal.pone.0123698 April 13, 2015 14 / 16
43. Weiher E, van der Werf A, Thompson K, Roderick M, Garnier E, Eriksson O. Challenging Theophras-
tus: A common core list of plant traits for functional ecology. Journal of Vegetation Science. 1999; 10:
609–620.
44. Ellenberg H, Weber HE, Düll R, Wirth V, Werner W, Paulissen D. Zeigerwerte von Pflanzen in Mitteleur-
opa. Scripta Geobotanica. 1991; 18. Verlag E. Goltze KG.
45. Hill M, Mountford J, Roy D, Bunce R. ECOFACT 2a Technical Annex—Ellenberg’s indicator values for
British Plants. ECOFACT research report series 2b. Centre for Ecology & Hydrology; 1999.
46. Laliberté E, Shipley B. FD: measuring functional diversity frommultiple traits, and other tools for func-
tional ecology. R package; 2010.
47. R Development Core Team. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria; 2010.
48. Kent M, Dargie T, Reid C. The management and conservation of machair vegetation. Bot J Scot. 2003;
55: 161–176.
49. Faust C, Süss K, Storm C, Schwabe A. Threatened inland sand vegetation in the temperature zone
under different types of abiotic disturbances during a ten-year period. Flora. 2011; 206: 611–621.
50. Bossuyt B, Butaye J, Honnay O. Seed bank composition of open and overgrown calcareous grassland
soils—a case study from Southern Belgium. Journal of Environmental Management. 2006; 79: 364–
371. PMID: 16337080
51. Ödman AM, Schnoor TK, Ripa J, Olsson PA. Soil disturbance as a restoration measure in dry sandy
grasslands. Biodiversity and Conservation. 2012; 21: 1921–1935.
52. Eichberg C, Storm C, Stroh M, Schwabe A. Is the combination of topsoil replacement and inoculation
with plant material an effective tool for the restoration of threatened sandy grassland? Applied Vegeta-
tion Science. 2010; 13: 425–438.
53. Sonnier G, Shipley B, Navas M-L. Quantifying relationships between traits and explicitly measured gra-
dients of stress and disturbance in early successional plant communities. Journal of Vegetation Sci-
ence. 2010; 21: 1014–1024.
54. Shipley B, Vile D, Garnier E. From plant traits to plant communities: A statistical mechanistic approach
to biodiversity. Science. 2006; 314: 812–814. PMID: 17023613
55. Cingolani AM, Cabido M, Gurvich DE, Renison D, Díaz S. Filtering processes in the assembly of plant
communities: Are species presence and abundance driven by the same traits? Journal of Vegetation
Science. 2007; 18: 911–920.
56. Díaz S, Lavorel S, McIntyre S, Falczuk V, Casanoves F, Milchunas DG, et al. Plant trait responses to
grazing—a global synthesis. Global Change Biology. 2007; 13: 313–341.
57. Ordoñez JC, van BodegomPM,Witte JPM,Wright IJ, Reich PB, Aerts R. A global study of relationships
between leaf traits, climate and soil measures of nutrient fertility. Global Ecology and Biogeography.
2009; 18: 137–149.
58. Olsson PA, Mårtensson LM, Bruun HH. Acidification of sandy grasslands—consequences for plant di-
versity. Applied Vegetation Science. 2009; 12: 350–361.
59. Brunbjerg AK, Svenning J-C, Ejrnaes R. Experimental evidence for disturbance as key to the conserva-
tion of dune grassland. Biological Conservation. 2014; 174: 101–110.
60. Olsson PA, Sjöholm C, Ödman AM. Local soil disturbance effects on beetle community composition in
sandy grasslands. Journal of Insect Conservation. 2014; 18: 827–835.
61. Naeem S, Bunker DE, Hector A, Loreau M, Perrings C. Biodiversity, ecosystem functioning, & human
wellbeing: an ecological and economic perspective. 2009, pp. i–xiv, 1–368. Oxford University Press.
62. Sasaki T, Okubo S, Okayasu T, Jamsran U, Ohkuro T, Takeuchi K. Two-phase functional redundancy
in plant communities along a grazing gradient in Mongolian rangelands. Ecology. 2009; 90: 2598–
2608. PMID: 19769137
63. Mayfield MM, Bonser SP, Morgan JW, Aubin I, McNamara S, Vesk PA. What does species richness tell
us about functional trait diversity? Predictions and evidence for responses of species and functional
trait diversity to land-use change. Global Ecology and Biogeography. 2010; 19: 423–431.
64. Garnier E. Growth analysis of congeneric annual and perennial grass species. Journal of Ecology.
1992; 80: 665–675.
65. Westoby M, Falster DS, Moles AT, Vesk PA, Wright IJ. Plant ecological strategies: some leading di-
mensions of variation between species. Annual Review of Ecology and Systematics. 2002; 33: 125–
159.
66. Tackenberg O, Poschlod P, Bonn S. Assessment of wind dispersal potential in plant species. Ecologi-
cal Monographs. 2003; 73: 191–205.
Soil Disturbance Affected Grassland Vegetation
PLOS ONE | DOI:10.1371/journal.pone.0123698 April 13, 2015 15 / 16
67. Fischer SF, Poschlod P, Beinlich B. Experimental studies on the dispersal of plants and animals on
sheep in calcareous grasslands. Journal of Applied Ecology. 1996; 33: 1206–1222.
68. Knevel IC, Bekker RM, Kunzmann D, Stadler M, Thompson K. The LEDA Traitbase—collecting and
measuring standards of life-history traits of the North-west European flora. University of Groningen,
NL; 2005.
69. Smith SE, Read DJ. Mycorrhizal symbiosis, third edition. Academic Press, San Diego; 2008.
70. Whittaker RH. Communities and ecosystems. Macmillan, New York, USA; 1975.
71. Raunkiær C. Types biologiques pour la géographie botanique. Bulletin de l’Académie Royale des Sci-
ences et des Lettres de Danemark. 1905; 5: 347–437. doi: 10.1007/s00402-009-0884-y PMID:
19440728
72. Kew Royal Botanic Gardens. Seed Information Database SID. version 7.1; 2008.
73. Harley JL, Harley EL. A check-list of mycorrhiza in the British flora. New Phytologist. 1987; 105: 102pp.
74. Kleyer M, Bekker RM, Knevel IC, Bakker JP, Thompson K, Sonnenschein M, et al. The LEDA Trait-
base: a database of life-history traits of the Northwest European flora. Journal of Ecology. 2008; 96:
1266–1274.
Soil Disturbance Affected Grassland Vegetation
PLOS ONE | DOI:10.1371/journal.pone.0123698 April 13, 2015 16 / 16
